influenza B, 3 Yamagata-lineage and 17 Victoria-lineage isolates were detected in 2005 and 112 Victoria-lineage viruses were isolated in 2007. All Victoria-lineage isolates were reassortants possessing NA derived from the Yamagata lineage. Conclusion: Continuous surveillance in tropical countries is important for elucidating the seasonality of influenza and determining the molecular characteristics of circulating strains.
Epidemiology of Human Influenza
Influenza virus is one of the major causative agents of respiratory disease in humans. Activity of influenza is reported worldwide with outbreaks during the winter season in temperate countries [1, 2] . In contrast, cases of influenza in tropical countries persist all year round with peaks during the rainy season, however, epidemiological studies are still limited [3] [4] [5] . Recently, it was highlighted that monitoring of human influenza in Southeast Asia is important because it is where A/H3N2 first circulates before emerging worldwide and causing seasonal influenza in temperate countries [6] . However, there are only few reports on the precise molecular epidemiology of human influenza A/H1N1, H3N2 and B in Southeast Asia. In our previous study we analyzed the evolutionary patterns of
Cells and Media
Madin-Darby canine kidney cells were grown in MEM supplemented with 10% fetal bovine serum (Gibco, Auckland, New Zealand) and antibiotics (100 U/ml penicillin and 100 g/ml streptomycin) and incubated at 37° in a humidified atmosphere of 5% CO 2 .
Virus Isolation and Characterization
About 100 l of nasopharyngeal swab supernatant was inoculated onto confluent Madin-Darby canine kidney cells grown in 48-well plates with 500 l of maintenance medium consisting of MEM, 4 ! vitamin solution (Gibco/Invitrogen Corp.), 0.18% glucose (Sigma) and antibiotics (100 U/ml penicillin and 100 g/ml streptomycin). The cytopathic effect was monitored after 3-7 days of CO 2 incubation at 34°. Viruses were sequentially passaged three times in order to obtain sufficient titers for subsequent analyses. Virus isolates were identified by hemagglutination inhibition assay using post-infection antisera (Denka Seiken Co. Ltd) and guinea pig red blood cells [13] .
RNA Extraction and PCR
RNA was extracted from 100 l of viral culture medium using Extragen II kit (Kainos, Japan) according to the manufacturer's instructions. First-strand cDNA synthesis was performed using universal primer, Uni12 for influenza A [14] . The Uni11 primer (5 -AGCAGAAGCRS-3 ) was designed for influenza B. HA and NA genes were amplified using gene-specific primers listed in table 1 . PCR condition consisted of 35 cycles of denaturation at 98° for 10 s, annealing at 58° for 5 s and elongation at 72° for 60 s. Amplicons were resolved on a 1.5% agarose gel, stained with ethidium bromide and visualized under UV light. PCR products were purified using MSBP Spin PCRapace kit (Invitek GmbH, Germany).
Gene Sequencing and Analysis
Sequencing reactions were performed using Big Dye Terminator v3.1 cycle sequencing kit and extension products were resolved using an ABI Prism 3100 Genetic Analyzer (Applied Biosystems, USA). Sequence assembly was generated using Lasergene SeqMan Pro package version 7.2.1 (DNASTAR, USA) [15] . Assembled sequences were edited using the BioEdit software v7.0.9 (http:// www.mbio.ncsu.edu/BioEdit/). Multiple sequence alignment by Clustal W and subsequent phylogenetic analyses were performed using Molecular Evolutionary Genetic Analysis (MEGA) software version 4.0 [16] . Phylogenetic trees were generated using the Neighbor-Joining method, and bootstrap analysis (1,000 replicates) was performed in order to obtain the best-fit trees. If the bootstrap value for a major branch is 70% or more, then it is considered a distinct clade. Nucleotide sequences of the HA and NA genes of vaccine strains and field isolates from other countries, including date of sample collection, were obtained from the NCBI Influenza Virus Resource (http://www.ncbi.nlm.nih.gov/genomes/FLU/) and the GISAID (http://gisaid.org/), and analyzed in the phylogeny.
To identify the mutations that are associated with amantadine resistance, we sequenced the M2 gene of influenza A isolates. Deduced amino acid sequences were analyzed at positions which are hotspots for resistance to amantadine, namely at positions 26, 27, 30, and 31 [17, 18] .
Sequence Information
Nucleotide sequences that were used in this study have been submitted to GenBank and GISAID databases. The accession numbers are listed in table 2 . 1,336 influenza-like cases, 253 (19%) were positive for influenza with 84 (33%) of the samples being influenza A and 169 (67%) influenza B. The peak of the influenza activity was from June to August, but no rapid test kit-positive samples were observed in the off-peak seasons ( fig. 1 a Primer sequences were kindly provided by the Virology Section of Aichi Prefectural Institute of Public Health, Nagoya City, Aichi, Japan.
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b From Besselaar et al., 2004 [42] . c From Nakagawa et al., 2000 [43] . fig. 2 ) [7] . Analysis of the M2 gene showed that all isolates did not exhibit mutations conferring resistance to amantadine ( table 3 ) . 
Discussion
The influenza season in Myanmar usually starts in June and ends in September, which coincides during the rainy season. This peak in influenza activity which is associated with rainfall also occurs in neighboring Southeast Asian countries, such as Thailand and Singapore [21] [22] [23] . It is generally observed that seasonality of influenza in the tropics is less defined where influenza activity persists throughout the year, as reported in Vietnam and Taiwan [5, 24, 25] earlier study in Myanmar, where the number of ILI samples collected was small during the dry season and the test kit positivity rate was very low [12] .
Antigenic analysis showed that in 2005, the dominant circulating influenza A virus in Myanmar was A/H1N1. These viruses caused sporadic outbreaks in neighboring countries such as Malaysia, Thailand, and Vietnam [26] . In 2007, A/H1N1 was replaced by A/H3N2 as the predominant strain. These viruses caused local outbreaks in Bangladesh and Thailand in 2007 [27] . Among influenza B viruses, the dominant circulating strains belonged to the Victoria lineage in 2005 and 2007, which also circulated in neighboring countries [26, 27] . In 2006, our virus isolation was not successful due to frequent power interruptions and improper sample handling. Throughout the study period, we had to store the nasopharyngeal swab samples at -20° because the infrastructure in Myanmar does not support a stable, non-fluctuating, continuous power supply for -80° ultra-low freezers. Nevertheless, from our experience, we were able to recover influenza viruses which were stored at -20° for 3 months, although this temperature may not be suitable for the recovery of other viruses. Hasegawa et al. [4] had demonstrated that rapid test kit is useful as a preliminary step for screening influenza virus infection but virus isolation is important for further characterization studies. Thus, we are currently strengthening the capacity of influenza surveillance and laboratory skills of personnel in Myanmar.
Analysis of the HA and NA genes of influenza A viruses showed that genetic drift which was responsible for the local outbreaks in 2005 and 2007. Phylogeny showed that in Myanmar, A/Solomon Islands/3/2006-like strains circulated in 2005, which were similar to those in other Southeast Asian countries such as Singapore and Indonesia, while the circulating strains in Thailand and Vietnam [7] were A/New Caledonia /20/1999-like viruses, which [28] , and other countries from 2007-2008 [29-31] . A rise in amantadine resistance of A/H1N1 in Asia was detected in 2006 [32] , but we could not confirm the circulation of the amantadine-resistant A/H1N1 strains in Myanmar in 2006 due to failure of virus isolation in that year.
Influenza A/H3N2 amantadine-resistant clade N strain was collected in July 2005 and the same clade N viruses were detected in Cambodia, Macau, Malaysia, Vietnam, Philippines, Singapore and Thailand in the same year [9] . These clade N viruses emerged as the dominant strain in Japan and the USA in the 2005-2006 season [7] [8] [9] [10] . This observation is in agreement with studies which reported that influenza A/H3N2 viruses that are responsible for the yearly winter epidemics in temperate countries were seeded from the tropics, especially from countries in East and Southeast Asia [6, 21] . A/H3N2 clade N viruses are characterized by the S193F and D225N mutations in HA and an S31N substitution in the M2 channel protein which confers resistance to amantadine [10] . In 2007, these amantadine-resistant clade N viruses continued to circulate and became the prevalent strain. . This is in contrast to fewer changes in HA between the two antigenic groups. We have previously reported a gap in evolutionary rate among segments possibly attributed to independent reassortment of the HA and NA segments [7, 34] , and this was observed in subsequent A/H3N2 strains.
Influenza B isolates in Myanmar exhibited genetic reassortment. Although influenza B viruses evolve at a slower rate when compared to influenza A, one mechanism of generating genetic diversity among influenza B viruses is by reassortment [35] [36] [37] . B/Victoria/2/87-like viruses were isolated worldwide in the 1980s and were replaced with B/Yamagata/16/88-like isolates in the 1990s [35] . However, in the 2000-2001 season, B/Victoria/2/ 87-like viruses re-emerged and co-circulated with B/ Yamagata/16/88-like viruses [38] . This co-circulation seemed to have generated reassortants possessing Victoria HA and Yamagata NA [37, 38] [39, 40] . Accumulation of mutations in the HA and NA and reassortment of gene segments of influenza B viruses are mechanisms of generating antigenic variants [41] , that are also exhibited by the isolates in Myanmar.
To Our data suggests that continuous surveillance is needed in elucidating the seasonality and determining the prevalence of influenza in Myanmar. It is speculated that new H3N2 strains are seeded from Asia [6] , and now global spreading patterns for A/H1N1 and B are of interest. Our data suggested that A/H3N2 was spreading from Asia to other parts of the world with the incidence of clade N amantadine resistance viruses, while some A/H1N1 strains showed rather localized circulation in Asia. We found the temporal synchronicity for A/H1N1 and B strains between Myanmar strains and Southeast Asia and China strains, but more information is needed to elucidate global circulation patterns.
The data generated from influenza surveillance in Southeast Asia may contribute not only to evolutionary and epidemiological studies but also to the improvement of vaccine strain selection. In addition, such data may contribute for better understanding of the circulation pattern of influenza worldwide and the role of Southeast Asian strains as the source influenza in temperate countries. Of particular note, since February 2008, Myanmar was designated as one of the National Influenza Center holding countries by the World Health Organization (WHO), and our sites are contributing to the Global Influenza Surveillance Network in providing clinical samples for the National Influenza Center in Yangon. We further plan to expand our study sites inside Myanmar and to monitor the spread of influenza strains in Southeast Asia, which is one of the important transmission routes in the Asian continent.
